In chiral models with SU(3) group structure, baryon decuplet, and octet magnetic moments are evaluated by constructing their sum rules to yield theoretical predictions. In these sum rules we exploit six experimentally known baryon magnetic moments. Sum rules for flavor components and strange form factors of the octet and decuplet magnetic moments and decuplet-to-octet transition magnetic moments are also investigated.
I. INTRODUCTION
The internal structure of the nucleon is still a subject of great interest to both experimentalists and theorists. In 1933, Frisch and Stern [1] performed the first measurement of the magnetic moment of the proton and obtained the earliest experimental evidence for the internal structure of the nucleon. However, it was not until 40 years later that the quark structure of the nucleon was directly observed in deep inelastic electron scattering experiments and we still lack a quantitative theoretical understanding of these properties including the magnetic moments.
Since Coleman and Glashow [2] predicted the magnetic moments of the baryon octet about 40 years ago, there has been a lot of progress in both the theoretical paradigm and experimental verification for the baryon magnetic moments. The measurements of the baryon decuplet magnetic moments were reported for [3] and ÿ [4] to yield a new avenue for understanding the hadron structure. The magnetic moments of baryon decuplet have been theoretically investigated in several models such as the quenched lattice gauge theory [5] , the quark models [6] , the chiral bag model [7] , the chiral perturbation theory [8] , the QCD sum rules [9] , the chiral quark model [10] , and the chiral quark soliton model [11] . Moreover, by including the effect of decuplet intermediate states of spin-3=2 baryons explicitly, the heavy baryon chiral expansion of baryon octet magnetic moments [12] and charge radii [13] were investigated. The decuplet-to-octet transition magnetic moments have been also analyzed in the 1=N c expansion of QCD [14 -16] and in the chiral quark soliton model [17] .
Quite recently, the SAMPLE Collaboration [18] reported the experimental data of the proton strange form factor through parity violating electron scattering [19] . To be more precise, they measured the neutral weak form factors at a small momentum transfer Q [20] . Moreover, McKeown [21] has shown that the strange form factor of proton should be positive by using the conjecture that the up-quark effects are generally dominant in the flavor dependence of the nucleon properties. The chiral bag model [22] predicted first the positive value for the proton strange form factor [23] .
In this paper, we will exploit the chiral bag model to predict baryon decuplet and octet magnetic moments and their strange form factors. This model calculation can share those of other skyrmion extended models with SU(3) group structure if sum rules are properly used. More specifically, in the chiral models, we will investigate the magnetic moments of baryon decuplet and octet, together with the decuplet-to-octet transition magnetic moments, in terms of their sum rules. We will also study the sum rules for the flavor components and strange form factors of the baryon magnetic moments. In Sec. II, in the adjoint representation we construct the sum rules of the baryon decuplet and octet magnetic moments and the transition magnetic moments in the SU(3) chiral models, and in Sec. III the sum rules for their flavor components and strange form factors in a model independent way at least in the category of the chiral models with the SU(3) flavor group. In the Appendix, we list the u-and d-flavor components of the baryon magnetic moments and transition magnetic moments and their sum rules.
II. MAGNETIC MOMENTS OF BARYON DECUPLET
We start with the chiral bag model with the broken U-spin symmetry whose Lagrangian is of the form 
where M, N , N 0 , P , Q, and R are the inertia parameters calculable in the chiral models [23, 24] . Using the theorem that the tensor product of the Wigner D functions can be decomposed into the sum of the single D functions, the isovector and isoscalar parts of the operator ia FSB are then rewritten as
Here one notes that the 1, 10, and 10 irreducible representations (IRs) do not occur in the decuplet baryons while 10 and 10 IRs appear together in the isovector channel of the baryon octet to conserve the hermiticity of the operator. Using the above operator i together with the decuplet baryon wave function
ab with the quantum numbers a Y; I; I 3 (Y, hypercharge; I, isospin) and b Y R ; J; ÿJ 3 (Y R , right hypercharge; J, spin) and the dimension of the representation, the baryon decuplet magnetic moments for 10 (J 3 3=2) and transition magnetic moments for 10 J 3 1=2 ! 8 J 3 1=2 have the following hyperfine structure:
Here the coefficients are solely given by the SU(3) group structure of the chiral models and the physical information such as decay constants and masses are included in the above inertia parameters, such as M, N , and so on. Note that the SU(3) group structure in the coefficients is generic property shared by the chiral models which exploit the hedgehog ansatz solution corresponding to the little group SU2 Z 2 [25] . In the chiral perturbation theory [8] and in the 1=N c expansion of QCD [14 -16] to which the hedgehog ansatz does not apply, one can thus see the coefficients different from those in (2.4) even though the SU(3) flavor group is used in the theory. Now, it seems appropriate to comment on the 1=N c expansion [25] [26] [27] [28] .
In the above relations (2.4), the inertia parameters N , N 0 , P , Q, and R are of order N c while M is of order N ÿ1 c . However, since the inertia parameter M is multiplied by an explicit factor N c in (2.2), the terms with M are of order N 0 c . (For details of further 1=N c , see [25, 28] .) In the SU(3) flavor symmetric limit with the chiral symmetry breaking masses m u m d m s , m K m and decay constants f K f , the magnetic moments of the decuplet baryons are simply given by [29] B Q EM 1
where Q EM is the EM charge. Here one notes that in the chiral model in the adjoint representation the prediction of the baryon magnetic moments with the chiral symmetry is the same as that with the SU(3) flavor symmetry since the mass-dependent term in L CSB and L FSB do not yield any contribution to J FSB so that there are no terms with P , Q, and R in (2.4). Because of the degenerate d-and s-flavor charges in the SU(3) EM charge operatorQ EM , the chiral model possesses the U-spin symmetry relations in the baryon decuplet magnetic moments, similar to those in the octet baryons [30] ÿ ÿ ÿ ÿ ; 0 0 0 ; ; (2.6) which are a subset of the stronger symmetry relations (2.5).
Next, since the SU(3) FSB quark masses do not affect the magnetic moments of the baryon decuplet in the adjoint representation of the chiral model, in the more general SU(3) flavor symmetry broken case with m u m d Þ m s , m Þ m K and f Þ f K , the decuplet baryon magnetic moments with all the inertia parameters satisfy the following symmetric sum rules:
Now, in order to predict baryon decuplet magnetic moments we proceed to derive sum rules for the baryon magnetic moments in terms of the experimentally known baryon magnetic moments. To do this, we first consider the baryon octet magnetic moments of the form
Since we have effectively five inertia parameters M, N 1 2 N 0 , P , Q, and R, we can derive sum rules for three magnetic moments 0 , , and ÿ in terms of five experimentally known octet magnetic moments, p , n , , ÿ , and 0 as follows:
(2.9)
Using the above sum rules we can predict the magnetic moments as in Table I Here we have used the additional magnetic moment since we have six inertia parameters M, N , N 0 , P , Q, and R. We list the predictions for the magnetic moments of the decuplet and octet baryons in Table I , and those for the decuplet-to-octet transition magnetic moments in Table II , by using their sum rules (2.10). Here note that our prediction of ÿ is comparable to its experimental value exp ÿ ÿ1:94. The predicted values of the decupletto-octet transition magnetic moments in Table II are also comparable to the previous ones obtained by using the chiral quark soliton model [17] . 
III. STRANGE FLAVOR MAGNETIC MOMENTS OF BARYON DECUPLET
In the SU (3) 
to obtain the baryon magnetic moments and transition magnetic moments in the s-flavor channel
Similarly, in the u-and d-flavor channels of the adjoint representation we obtain the baryon magnetic moments and transition magnetic moments (A1) in the Appendix. Here one notes that in general all the baryon decuplet and octet magnetic moments fulfill the model independent relations in the u-and d-flavor components and the I-spin symmetry of the isomultiplets with the same strangeness in the s-flavor channel with B being the isospin conjugate baryon in the isomultiplets of the baryon. As in the previous sum rules of the magnetic moments (2.9) and (2.10), we find the sum rules of the strange components of the magnetic moments and transition magnetic moments in terms of the six experimentally known magnetic moments: 
Similarly, the sum rules of the u-and d-flavor components of the magnetic moments and transition magnetic moments are given by (A2) in the Appendix. Here one notes that the flavor components of the transition magnetic moments p and n 0 satisfy the identities
to yield p n 0 as in (2.10). The identities (3.5) are consistent with the previous ones in Refs. [14, 16] . We list the predictions for the u-, d-, and s-flavor components of the decuplet and octet magnetic moments in Table I , and those for the decuplet-to-octet transition magnetic moments in Table II , by using the sum rules (3.4) and (A2). Next, the form factors of the decuplet baryons, with internal structure, are defined by the matrix elements of the EM currents
where up is the spinor of the baryons and q is the momentum transfer. Using the s-flavor charge operator in the EM currents as before, in the limit of zero momentum transfer, one can obtain the strange form factors of baryon decuplet and octet
in terms of the strangeness quantum number of the baryon S 1 ÿ Y (Y, hypercharge) and the strange components of the baryon decuplet and octet magnetic moments Table I by using the relation (3.7).
IV. CONCLUSIONS
In summary, we have derived sum rules for the baryon decuplet and octet magnetic moments and the decuplet-tooctet transition magnetic moments, in the chiral models with the SU(3) flavor group. These sum rules are explicitly constructed in terms of the six experimentally known baryon magnetic moments p , n , , ÿ , 0 , and to yield the theoretical predictions for the remnant baryon magnetic moments. Especially in the case of using the experimental data for the six baryon magnetic moments as input data of the sum rules, the predicted value of ÿ is comparable to its experimental datum.
Next, we have extended the above algorithm to flavor components and strange form factors of the baryon decuplet and octet magnetic moments to find their sum rules in terms of the six baryon magnetic moments. The sum rules for the decuplet-to-octet transition magnetic moments and their flavor components have also been obtained. It is also shown that all the baryon decuplet and octet magnetic moments fulfill the model independent relations in the uand d-flavor components and the I-spin symmetry of the isomultiplets with the same strangeness in the s-flavor channel. Moreover, the s-flavor components of the decuplet-to-octet transition magnetic moments respect the I-spin symmetry of the isomultiplets with the same strangeness. However, some transition magnetic moments such as [14, 16] .
It would be desirable if the SU(3) representation mixing effects on the baryon magnetic moments [24] could be investigated by exploiting the multiquark structure associated with the highly nontrivial nonlinear symmetry breaking terms. 
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APPENDIX
In the u-and d-flavor channels of the adjoint representation, the baryon magnetic moments and transition magnetic moments are given by 
Next, we list the sum rules of the u-and d-flavor components of the magnetic moments and transition magnetic moments 1
